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ABSTRACT 13 
Dairy cows’ emotional state can sometimes be inferred from their behaviour, for example previous 14 
studies have suggested that those passing a novel person to the right are more likely to be anxious 15 
than those passing to the left. We undertook two studies of cow behaviour as they passed a novel 16 
person, to validate these behaviours as emotional indicators, in addition to determining correlations to 17 
other indices of emotional state. Cows passing to the right were more likely to have a raised or tucked 18 
tail, sniff the ground, walk slowly and a faster exit when put in a crush, compared with those passing 19 
to the left, which had their ears held forwards. From a principal component analysis, it was 20 
determined that cows passing on the right side were also most likely to pass without turning their head 21 
towards the person, pass singly and defecate whilst passing. However, those passing to the left side 22 
were most likely to turn to look at the person and pass in pairs. Cows with high milk yields were more 23 
likely to pass on the right side. Measurements of side of passage were repeatable between experiments 24 
but those of ear position were not.  It is concluded that side of passage past a person correlates with 25 
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other behavioural indicators of the cow’s emotional state, with those passing to the right (i.e. left 26 
eye/right brain hemisphere) apparently more anxious. Evidence was also provided that high yielding 27 
cows are more anxious, as assessed by right side passage. With further validation, side of passage past 28 
a person could be developed as a simple measure of emotional state in dairy cows that can be 29 
conducted under field conditions.  30 
Key words: dairy cow, laterality, behaviour, anxiety. 31 
 32 
1. INTRODUCTION 33 
In cattle, levels of arousal are related to the lateralisation of their behaviour (Phillips et al., 2003; 34 
Robins and Phillips, 2010; Phillips et al., 2015). Lateralisation is defined for the purposes of this 35 
paper as functioning on one side of the body, at either an individual or population level (Vallortigara 36 
and Rogers, 2005). Lateralised behaviour may derive from functional cerebral asymmetries (FCAs), 37 
which are specialized processes to enhance adaptive fitness (Vallortigara et al., 1999; Vallortigara and 38 
Rogers, 2005; Vallortigara, 2006; Ocklenburg et al., 2013; Rogers et al., 2013; Ströckens et al., 2013; 39 
Green and Jutfelt, 2014; Okamoto, 2014). The left hemisphere is specialised for temporal memory, 40 
and the right for spatial memory activity, sympathetic nervous system activation and vigilance 41 
(Bianki, 1988; Chernisheva, 2006). Vigilance is evidenced by alertness and scanning in threatening 42 
circumstances (Lazarus and Symonds, 1992), and is related to predation risk (Elgar, 1989, Quenette, 43 
1990). It  may be a useful indicator of anxiety, and an elevated head and pronounced opening of the 44 
eyes have been observed in cattle exposed to threatening situations (Sandem et al., 2002, Welp et al., 45 
2004). 46 
 47 
The neural processes in the right brain hemisphere associated with enhanced vigilance involve the 48 
amygdala, which reduces the neuronal thresholds in the animal’s sensory systems and orientes 49 
attention their attention to affective stimuli (Holland and Gallagher, 1999; Davis and Whalen, 2001). 50 
Although generalisation about function across an entire hemisphere may be unwise because of 51 
variation between regions of the right hemisphere (Da Costa et al., 2004), it is still clear that aspects 52 
of the processing of emotions is hemispherically lateralized (Cabanac, 2002). The right-hemisphere 53 
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processes fear/anxiety and aggression, i.e. negative emotions, and the left hemisphere is involved in 54 
perceptions of food rewards, i.e. positive emotions (Tucker, 1981). This is in line with left hemisphere 55 
responding to familiar stimuli and the right hemisphere  to novel and unexpected stimuli. 56 
Furthermore, the left hemisphere consolidates and retrieves long-term memories for visual stimuli 57 
(Robins, 1997; Robins et al., 2005; Robins and Rogers, 2006). Thus, the right hemisphere of the 58 
vertebrate brain responds to definitive (i.e. identified), immediate cues, and the left for recalled cues 59 
(Rogers and Andrew, 2002, Vallortigara and Rogers, 2005). 60 
 61 
Recent approaches to animal emotions have categorized them by valence (ranging from negative to 62 
positive) and arousal (from low to high) dimensions (Mendl and Paul, 2004; Paul et al., 2005; Mendl 63 
et al., 2010; Zebunke et al., 2011; Puppe et al., 2012). Lateralisation in cows may assist in 64 
understanding their emotional valence and what stimuli they perceive to be threatening and stressful. 65 
This can be assessed by a forced lateralization test, in which cows are forced to decide which side of a 66 
centralised person to pass when they walk down a lane (Phillips et al., 2015). Cattle passing on the 67 
right side, viewing the person with their left eye, connected to their right brain hemisphere, appear to 68 
be more stress susceptible, as evidenced by an increased stress score in a crush (Phillips et al., 2015). 69 
Most cattle, and especially subordinate ones, preferentially use their left eye to observe a threat 70 
(Robins and Phillips, 2010). The relations with cow performance are unclear, but it has been observed 71 
that a feed wagon approaching from the left side increased cow milk yield, enhanced reproduction and 72 
increased longevity, compared with one approaching from the right (Rizhova and Kokorina, 2005).  73 
 74 
The forced lateralisation test is relatively new and comparison with other measures is prudent. There 75 
is evidence that emotional valence  is also related to facial characteristics (Stiedl et al., 2004, Forkman 76 
et al., 2007). Cattle can move their ears asymmetrically (Nickel, 1968), and more pendulous ears have 77 
been observed when cattle are groomed, suggesting that their emotions are aroused and/or positively 78 
valenced (Schmied et al., 2008). In sheep and dogs, respectively, ear postures relate to cognitive 79 
appraisal of a stimulus (Quaranta et al., 2007) and probably contralateral hemispheric brain activity 80 
(Davidson et al., 1992, Wager et al., 2003). Sheep respond to food deprivation with lateralised ears, 81 
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left in front of right (Reefmann et al., 2009). As well as facial expressions, tail posture and frequency 82 
of movement can indicate pain following castration (Petherick et al., 2014) and other stressors applied 83 
to cattle (Grant, 2004).  84 
 85 
Although side of passing (or lateralised eye gaze ) may indicate emotional valence in dairy cows, 86 
there is only limited information from previous studies. The objective of the present study was to 87 
examine emotional correlates of side of passing (i.e. lateralised eye gaze ), in order to validate them as 88 
emotional indicators and also to determine what contribution a forced lateralisation test could make as 89 
a test for emotions in cows. Our hypothesis was that cows walking to the right-hand side of a person, 90 
who view them mainly with the left eye, would demonstrate behaviour indicative of anxiety, and in 91 
particular that ear position would be more likely to be forward and upright. 92 
 93 
2. MATERIALS AND METHODS 94 
Approval for the studies was obtained from the Animal Ethics Committee of the University of 95 
Queensland. Data were collected utilising the commercial dairy herd of 202 milking cows at the 96 
University of Queensland, 79% of which were Holstein-Friesians and the remainder Jersey, Brown 97 
Swiss, Red Swiss and mixed breeds. The milking herd were split into early (n = 110) and late (n = 92) 98 
lactation cow groups, both of which were milked twice daily, beginning at 05:00 and 15:00 h, in a 99 
Westfalia Surge rapid exit herringbone parlour. Cows were at pasture between the morning and 100 
afternoon milking and on a feed pad overnight, where they had access to a Total Mixed Ration.  101 
 102 
2.1 Experiment 1 103 
2.1.1 Forced Lateralisation Test (FLT).  Cows in the herd were tested for 9 consecutive days for 104 
side of passing past a person who had no previous contact with the cattle (a novel person) in a 105 
laneway down which the cows exited the milking parlour after afternoon milking. The laneway was 106 
of concrete construction (4.3 m wide by 23.5 m long from the parlour to the novel person, with an 107 
identical 3 barred metal fence on either side). This laneway had previously been used to demonstrate 108 
lateralised responses to a person in some of the same cows (two years previously), with the person 109 
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standing in the lane on alternate days (Phillips et al., 2015). In the current 9-day test, the novel 110 
person stood in the centre of the lane, at a point equidistant to the left and right side fences (Figure 111 
1). She wore khaki overalls, which were assumed to be differentiated from farm and veterinary staff, 112 
who wore high visibility yellow overalls, and students, who wore blue overalls. The novel person 113 
stood facing the cows, which were identified by ear tags, and filmed their passage with an iPhone 5 114 
mobile camera held in both hands. Video recordings were subsequently analysed to determine mean 115 
ratios of cows passing on the left and right sides of the passage (L and R, respectively) from the cow’s 116 
perspective. Ratios were calculated as L+1/R+1, to avoid 0 being a dominator or numerator. An 117 
individual cow was assumed to be left lateralized when the value of ratio was > 1 or right when <1. 118 
The distribution of cows passing to one side showed evidence of bimodality, with 41 cows going 119 
only to the right and 22 cows only to the left (Figure 2).  120 
 121 
The ear positions (EP) of each cow were classified, following the scoring system of Proctor and 122 
Carder (2014): EP1: ear held upright above the neck with the pinna facing forwards or to the side, EP 123 
2: ear pinna directed forwards in front of cow and ear held horizontally, EP 3: ear held backwards on 124 
cow’s head and EP 4: ear hung loosely downwards, falling perpendicular to head. They suggested that 125 
ear positions 3 and 4 reflect a low arousal, positive emotional state, since the duration of time spent in 126 
these postures increased during stroking, and positions 1 and 2 reflect high arousal and neutral or 127 
negative state, since they were increased before and after stroking. Ears were scored from video 128 
recordings by two observers working independently. Ear position was recorded at the moment that the 129 
front legs of the animal passed a line 1.5 m in front of the novel person.  To ensure concordance for 130 
scoring the four unique postures described by Proctor and Carder (2014), the two observers separately 131 
scored the position of 16 cows in two repeated tests, which were statistically analysed by analysis of 132 
variance and the scoring system was established at the point when there was no difference (P < 0.05) 133 
between the two. The % of days each cow passed the observer in either EP1 or EP2 (EP1+2), or EP3 134 
or EP4 (EP3+4) and the ratio of these was then calculated, representing the classifications of 135 
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neutral/negative and positive emotional valence, respectively, as proposed by Proctor and Carder 136 
(2014). 137 
 138 
Based on mean results for L+1/R+1 side of passage and 1+2/3+4 ear position for each cow, together 139 
with the anticipated anxiety relationship (i.e. right side passing with ear position 1 or 2), 32 140 
individuals were selected as extreme subjects in both indicators for further testing. Cows were equally 141 
selected from the early and late lactation sub-herds (i.e. 16 per sub-herd) wherever possible depending 142 
on the ratios of L+1/R+1 side of passage and 1+2/3+4 ear position for each cow. These individuals per 143 
sub-herd, consisted of 4 high L+1/R+1 = low anxiety, high ear 1+2/3+4 = high anxiety; 4 high 144 
L+1/R+1 = low anxiety, low ear 1+2/3+4 = low anxiety; 4 low L+1/R+1= high anxiety, high ear 145 
1+2/3+4 = high anxiety and 4 low L+1/R+1 = high anxiety, low ear 1+2/3+4 = low anxiety. Cows 146 
recorded for less than 5 days (n = 36) because of identification failure were excluded from selection, 147 
as this was believed to provide too little data for an accurate determination of behaviour.  148 
 149 
2.1.2 Response to Positive and Negative Stimuli. The second stage of the study investigated the 150 
response of the 32 extreme cows selected from the FLT, to first, a positive stimulus, the presentation 151 
of feed pellets in a trough, based on a study by Boissy et al. (2007), and, second, a negative stimulus, 152 
which was a rapidly opening umbrella in front of each cow, based on a study by Bourguet et al. 153 
(2015). Each cow was tested individually for 3-5 min once a time after the morning (a.m.) milking, 154 
in a test pen (18 x 16 m) with solid sides and an earth floor. The presentation of the positive stimulus 155 
consisted of the experimenter (who was not the novel person) entering the test pen on average 3 m 156 
away from the cow. The experimenter then attracted the cow’s attention by shaking a feed container 157 
containing calf pellets for 5 s and then pouring 60 g pellets into a trough positioned 2 m from the end 158 
of the pen furthest from the entrance, after which they left the pen. The activity of the cow in the pen 159 
was videoed for 2 min to record first, the time each cow spent with its nose in the trough (eating 160 
and/or sniffing the feed pellets) in each of min 1 and 2, and second, ear position at the time the cow 161 
first placed its nose in the trough. After 2 min, a second person (also not the novel person) entered 162 
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the test pen with a closed 120 cm diameter multi-coloured umbrella on average 2m from the 163 
animal’s head (with the tip of the umbrella within 1.5m of the cow). The umbrella was then opened 164 
and closed in front of each cow three times in quick succession over a period of approximately 45 s.  165 
Ear position of each cow was recorded as that displayed within 2 s of opening the umbrella. An 166 
umbrella response score, ranging totalling from 6 to 38, was then attributed to each cow, based on 167 
the scoring system of Bourguet et al. (2015). This was comprised of the following individual 168 
components to each cow: 1) distance of the cow from the umbrella (from 0-3.5+ m, scored from 2-169 
9), 2) initial response movement, scored as (stood = 2, splayed leg = 4, head bob = 6, walk = 8, side 170 
step = 10, turn = 12, front leg jump = 14, run = 16, pivot = 18 and whole body jump = 20), and 3) 171 
later response movement, scored as (nothing = 2, stand and watch = 4, walk away with no eye 172 
contact = 6, walk away plus eye contact = 7, run with no eye contact = 8, run away plus eye contact 173 
= 9).  174 
 175 
2.1.3 Crush Restraint Test. The behaviour of the same 32 cows whilst entering and during restraint 176 
in a crush, to which they were habituated by frequent previous passage, was recorded over a two-177 
minute period in the presence of a human (not the novel person), on two separate days. A seven-178 
point crush score (based on the system described by Kilgour et al., 2006) was assigned for the 179 
behaviour of each cow during the phases of entering the crush, entering a head bail, in the head bail 180 
and for any other behaviour indicative of restlessness. Behaviour was video recorded using an 181 
iPhone 5 camera positioned on the head bail and another held by an observer to the side of the crush. 182 
Flight speed on exit from the crush was determined by recording the time between opening of head 183 
bail and the time when both of the cow’s back feet passed a line on the concrete floor 1 m in front of 184 
the crush.  185 
 186 
2.2 Experiment 2 187 
2.2.1 Forced Lateralisation Test (Stage 1). The objective of experiment 2 was to investigate the 188 
relationships between the side of passing the novel person in the forced lateralisation test and a range 189 
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of other behaviours, to continue the validation of the test for cows’ emotional state. The same 32 190 
cows from Experiment 1, together with an additional three top quartile LR and EP cows, were 191 
utilised for this study, which was conducted one year after experiment 1. These cows had mean 192 
L+1/R+1 values in Experiment 1 as follows: L cows: 5.37 + 0.519 and R cows: 0.44 + 0.504.  193 
 194 
Forced lateralisation tests were undertaken after afternoon milking on 10 d over a period of one 195 
month. These ten days were divided into 3 periods (two periods of three consecutive days with four 196 
days in between, and one period of three days starting one day after the previous period). In this series 197 
of tests, the new novel person stood in the middle of the lane facing the cows holding a mobile camera 198 
(Samsung Galaxy S3, GT-19300, Android version 4.3), dressed in a white laboratory coat that was 199 
unfamiliar to the cows. Video recordings were obtained commencing when the cattle were 6 m away 200 
from the novel person (identified by a line on the floor of the lane at the end of the shed exiting the 201 
milking parlour), until when they disappeared from view. Behaviours (Table 1) of each cow, 202 
identified by their ear tag, were quantified by a single observer using one: zero sampling during the 6 203 
m passage towards the person. Ear positions (EP 1-4 as described for experiment 1) were recorded for 204 
each cow at the start and end of movement past the person and a mean score calculated as (score 1 + 205 
score 2)/2.  206 
 207 
2.2.1 Parlour Test (Stage 2). Thirty-one of the cows used in stage 1 were utilised, since one cow had 208 
been culled and three were non-lactating. Their behaviour was recorded during afternoon milking for 209 
five days in the month after Stage 1. Recording commenced at the time of attachment of the teat 210 
cups and lasted for 2 min. using the same mobile camera used in stage 1, facing the head of the cows 211 
at a 1 m distance. Videos were analysed for behaviours described in Table 1 using one-zero 212 
sampling as used in Stage 1.  213 
 214 
2.2.3 Milk Yield (Stage 3). Milk yields were automatically recorded at each milking. Milk yield 215 
recordings were averaged over 6 days (the same five days of the parlour test plus one additional 216 
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day). Milk yield was recorded as total weight of milk produced per cow per milking, accurate to 217 
within approximately 0.2 kg.   Milk fat and protein concentrations were recorded on two occasions 218 
one month apart and an average taken. In the forced lateralization test the daily milk yields were 219 
collected for 10 days at the time of the tests and averaged over these days. 220 
 221 
2.3 Statistical analysis. Raw count data were used for statistical analysis using Minitab 17 software. 222 
The distribution of residuals was tested for normal distribution by the Anderson Darling test. As there 223 
was no evidence of non-linear relations, all parameters were examined just for linear relationships.  224 
Correlations between both experiments for lateralised side of passage and ear positions measurements 225 
in the forced lateralisation test were determined to indicate repeatability of the measurements and 226 
within experiment to indicate their relation. To guard against the risk of false positives and undetected 227 
negatives arising from multiple comparisons, statistical significance was only claimed at the critical ɑ 228 
value of 0.01, rather than 0.05.  229 
 230 
2.3.1 Experiment 1 231 
Data collected from the forced Lateralisation Tests (FLT), including the side of passing and ear 232 
position, were analysed using chi squared tests to assess the significance of deviation from an equal 233 
distribution over time. A correlation matrix was used to determine the relation between side of 234 
passage and ear position displayed.  235 
 236 
Responses obtained to positive and negative stimuli and those scores for crush and flight speed were 237 
analysed using a generalised linear model to determine the effects of side of passage, ear position and 238 
the interaction between the two on the measured variables. The ratio of ear positions 1 + 2 to 3 + 4 239 
was calculated, i.e. ears held up and forward or horizontally to the side, to those held backwards or 240 
downwards, in line with proposed emotional significance (Proctor and Carder, 2014). Variables were 241 
converted to log10 values to achieve normal distribution by the Anderson-Darling test where 242 
necessary. Ear responses to the umbrella scores were averaged across measurements for each cow to 243 
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achieve normality in residual distribution, after log10 transformation. Fisher’s test for pairwise 244 
comparisons was used to discriminate treatments in the event of a significant interaction. 245 
 246 
2.3.2 Experiment 2 247 
Measurements in the forced lateralisation and parlour tests were summated over the ten and five days, 248 
respectfully, with L+1/R+1 for side of passing and ear positions 1+2/3+4 ratios calculated as in 249 
Experiment 1. Movement of left and right ears was initially recorded separately, but subsequently 250 
combined as there was no evidence of lateralised differences between ears. The significance of 251 
passing either to left or right side in the forced lateralisation test and entering to the left or right side 252 
of the parlour on different behavioural and production measurements was determined by one-way 253 
analysis of variance. If residuals were not normally distributed by the Anderson-Darling test, data was 254 
transformed by log10 (original value + 1) and re-analysed. If residuals were still not normal the 255 
variable was analysed with a Moods’ Median test. Principle components for the behavioural variables 256 
in both forced lateralisation and parlour tests were identified, using the PCA command in Minitab, 257 
with coefficients less than 0.2 removed. 258 
 259 
In the forced lateralisation test, spearman rank correlation analyses were used to determine the 260 
relations between different behaviours, and the relation between them and daily milk yield, laterality 261 
and ear position. A stepwise linear regression of laterality, ear positions and behaviours was 262 
conducted with ɑ of 0.10 to enter and remove behaviour variables, when regressed against the 263 
response variables L+1/R+1 or EP 1+2/3+4. When testing the relationship between side of passing 264 
past the person and behaviours displayed, the response data was converted by a Box-Cox 265 
transformation to natural logarithm to achieve normal distribution of residuals by the Anderson 266 
Darling test.  267 
 268 
In the parlour test, stepwise regression analysis was used to determine the relationship between right 269 
and left side occupancy of the parlour and (1) laterality and ear position in the forced lateralisation 270 
tests in both experiments, (2) ear position in the parlour test and (3) behaviour in the forced 271 
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lateralisation test. A similar analysis was undertaken for the behaviour in the forced lateralisation test 272 
to test for relations with ear position ratio in the parlour. Finally, Spearman’s rank correlations were 273 
determined for behaviours in the forced lateralisation and parlour tests.  274 
 275 
3. RESULTS 276 
3.1 Experiment 1 277 
3.1.1 Forced Lateralisation Test. The mean number of passes down the left side (from the cows’ 278 
perspective), was greater than the right side, (left 3.5, right 2.8, SED 0.237, p = 0.004, L+1/R+1 = 279 
1.18). There was no significant change over time (Figure 3, p > 0.05). Ear position changed from 280 
being predominantly 3 on the control day (i.e. before the person was in the lane) to a high proportion 281 
of 2’s during the presence of the person, then declining over time (Figure 3). Mean ratio of ear 282 
position 1+2/3+4 was 3.9 (SE 0.17, n = 200), and there was a significant increase in the percentage of 283 
cows showing ear positions 3+4 over time (equation 1). The ratio of left to right passage was 284 
positively related to the ratio of ear positions, 1+2/3+4 (equation 2). 285 
 286 
%3+4 = 1.2 (+ 5.37) + 3.68 (+ 0.96) days (r
2
 = 67.9%; p = 0.006). 287 
Equation 1 288 
 289 
L+1/R+1 = 1.147(+0.96) + 0.400 (+0.19) E1+2/3+4 (r
2
 = 11.8%, p = 0.04). 290 
Equation 2 291 
There was a positive correlation between the ratio L+1/R+1 (i.e. passage to the left side) to the 292 
number of times cows were recorded in ear position 2 (CC = 0.17, p = 0.01).  293 
 294 
3.1.2 The Crush and Flight Tests and Response to Positive and Negative Stimuli. There was no 295 
difference in crush scores between R and L cows, and between those with ear positions 1 + 2 Vs 296 
3+4, and no significant interaction (mean R 1+2: 6.0, L 1+2: 5.5, R 3+4: 5.5, L 3+4: 5.6, SED 0.66, 297 
p = L+1/R+1 0.69, 1+2 Vs 3+4 0.69, interaction p = 0.51). However, R cows took less time to 298 
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traverse the 1 m distance (i.e. had a higher flight speed) than L cows [R: 0.59, L: 0.68, log10 s/m 299 
(antilog 3.91 and 4.81 s/m, respectively) SED 0.042, p = 0.05]. Compared with ear position 1+2 300 
cows, ear position 3+4 cows took longer to traverse the 1 m distance [3+4: 0.68, 1+2: 0.59 log10 s 301 
(4.82 and 3.90 s, respectively), SED 0.042, p = 0.04], and in the feed test they spent less time 302 
feeding in the first minute and more in the second minute (min 1: 3+4, 3.89, 1+2, 5.06 s/min, SED 303 
0.527, p = 0.03; min 2: 3+4, 6.39, 1+2, 5.25 s/min, SED 0.472, p = 0.02).  304 
  305 
In the umbrella test, there was an effect for the interaction between cow ear position and side of 306 
passing the person on ear position scores. L cows with ears 3+4 had lower ear position scores (logged 307 
values [with antilog values in parentheses]) than L cows with ears 1+2, but there was no difference in 308 
R cows (L 3+4: 0.277
 b
 [1.89], L 1+2: 0.341
a
 [2.20], R 3+4:0.325
ab
 [2.11], R 1+2: 0.309
ab
 [2.04], SED 309 
0.0256, p = 0.03). Ear position 3+4 cows had reduced umbrella behaviour response scores (3+4: 21.9, 310 
1+2: 27.0, SED 1.83, p = 0.01), but there was no difference between R and L cows (R 24.1, L 24.8, 311 
SED 1.83, p = 0.72) and no significant interaction (p = 0.72).  312 
 313 
3.2 Experiment 2  314 
3.2.1 Forced Lateralisation Test (Stage 1).  315 
The allocation of cows in Experiment 1 according to their side of passing and ear position was 316 
compared with their side of passing and ear position in Experiment 2, to verify persistency of these 317 
measures and its repeatability. There was a significant correlation between FLT L+1/R+1 in 318 
Experiments 1 and 2 (Equation 3), but ear position (E1+2/3+4) was not correlated between the two 319 
experiments (Equation 4).  320 
 321 
L+1/R+1 Exp. 2 = 2.41 (+ 0.79) + 0.65 (+0.18) L+1/R+1 Exp. 1 (r
2
 = 27.7%, P = 0.001). 322 
Equation 3 323 
 324 
E1+2/3+4 Exp. 2 = 4.31 (+ 0.91) + 0.13 (+ 0.18) E1+2/3+4 Exp. 1 (r
2
 = 1.6, P = 0.48).  325 
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Equation 4 326 
 327 
Effects of side of passing (recorded in Experiment 1) on behavioural and productive measurements, 328 
tested by univariate analysis 329 
In the forced lateralisation test, both cows that had been formerly classified as R and L this time 330 
demonstrated more left side passage than right side passage. In addition, those formerly classified as L 331 
passed proportionately more to the left than those formerly classified as R (Table 2). As a logical 332 
consequence of this, L cows had more head turns to the right to view the person with their right eye, 333 
than those passing on the right. Ear position and movement did not differ between the two groups. 334 
Cows passing on the right side were more likely to stand in the centre of the lane and have their head 335 
facing downwards while passing. While, those passing on the left side were more likely to stand on 336 
the left. There were no significant differences in the parlour test measurements between cows that 337 
passed to the left and right side in the forced lateralisation test. However, cows that passed to the right 338 
side had increased milk yield and tended to have lower fat content compared with those that passed to 339 
the left.  340 
During the FLT test, a post hoc comparison of the 25 cows that could be newly classified as L and the 341 
10 cows that could be newly classified as R produced mean L+1/R+1 ratios of 5.83 (SE 0.76) and 342 
0.36 (SE 0.083), respectively, with an overall mean of 4.27 (SE 0.69). Mean ear position ratio 343 
(1+2/3+4) was 4.86 (SE 0.497, n=35). 344 
 345 
Relations between behaviours 346 
Validation of behaviours as indicators of cows’ emotions were initially sought by simple Spearman 347 
rank correlations between their behaviours, recognising that this does not necessarily imply causation. 348 
This showed that cows passing in pairs were more likely to have a relaxed than swishing tail (CC 0.44 349 
and -0.42, P= 0.008 and 0.01). We then explored the correlations of behaviours with ear movement to 350 
provide evidence for or against the valence classifications previously proposed by Proctor and Carder 351 
(2014). Cows moving their ears forward then backward were more likely to sniff or stop while 352 
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walking (CC 0.45, 0.45, P=0.007, 0.009). Those observed just moving their ears forward were more 353 
likely to have a lifted tail position and pass in a group (CC 0.56, 0.48, P=<0.001, 0.004). Those 354 
moving their ears backward and then forward were more likely to have their ears in positions 3 and 4 355 
(CC 0.49, P=0.003).  356 
 357 
Stepwise regression was used to explore the relations of lateralised passage with behaviour, with the 358 
L+1/R+1 ratio reversed for ease of interpretation. Cows that predominantly passed on the right side 359 
(high R+1/L+1 ratio) were more likely to have a lifted or tucked tail, to stand in the centre and to stop 360 
to sniff the ground. They were less likely to walk fast, stand stationary on the right side of the lane, 361 
and turn to view the person with their right eye (Equation 5). 362 
 363 
R+1/L+1 = 0.37 (+ 0.362) + 2.66 (+ 0.57, P <0.0001) TL + 4.20 (+ 1.34, P = 0.004) TT - 0.66 (+ 364 
0.118, P <0.0001) RE - 0.47 (+ 0.121, P = 0.001) SF + 0.58 (+ 0.335, P = 0.097) PP + 0.54 (+ 0.200, 365 
P = 0.01) SC - 0.36 (+ 0.153, P = 0.03) SR + 0.52 (+ 0.150, P = 0.002) SN (r
2
 = 73%). 366 
Where: TL= tail lifted, TT = tail tucked, RE = turn to view person with right eye while passing, SF = 367 
walking fast, PP = pass in pairs, SC = stand in the centre, SR = stand on the right and SN = sniffing. 368 
Equation 5 369 
 370 
Ear position had little correlation with behaviours, but more ear movement backward and forwards 371 
was evident for cows with ears in positions 3 + 4 (Equation 6).  372 
 373 
E1+2/3+4 = 6.29 (+0.56) - 2.70 (+0.81, P= 0.002) BMBF (r
2
=34.4 %).  374 
Where: BMBF = both ears moved backward and forward 375 
Equation 6 376 
  377 
The associations between the 34 behaviour measurements in the forced lateralization test were further 378 
investigated by principle components analysis. Ten components had an eigenvalue exceeding 1, 379 
explaining 81.7% of the total variance.  After observing the components matrix, two components were 380 
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removed due to there being too few significant items.  After removing coefficients less than 0.2, 28 381 
items were retained (Table 3) in eight components, explaining 73.6% of the total variance.  The eight 382 
components were labelled cows that were: aroused (components 5, 6), relaxed (components 2, 3, 4) 383 
and delayed in their response (components 1, 7).  The main laterality component was number 2, which 384 
is compared to component 1 in Figure 4, and also number 10. Component 1 relates to speed of 385 
passing; it has hesitating cows on the right-hand side of the graph, with stopping whilst walking as its 386 
longest vector, as well as defecation, sniffing, and ear position 3 or 4 as related vectors. On the left-387 
hand side of the graph are cows that did not hesitate, walked fast, did not turn their head, and had ear 388 
positions 1 or 2. The second component has left and right-side passage as its principal vectors. 389 
Although neither of these were closely related to behaviours, left side passage was associated with 390 
right head turn whilst passing, standing on the left, and passing in pairs. Right side passage was 391 
associated with no head turn, passing singly, lifted tail, and defecation.  392 
 393 
In relation to the speed of response components in the PCA, the behaviour correlations further 394 
indicated that cows could be grouped according to their behaviour whilst passing the person. To 395 
pursue this further, we determined that stopping whilst walking was positively correlated with a head 396 
turn to view the researcher with the right eye and sniffing (CC 0.51, 0.65, P=0.002, <0.001) and 397 
negatively related with fast speed of walking and no head turn (CC -0.43, -0.53, P=0.01, 0.001, 398 
respectively). 399 
 400 
Relationships of behaviour to milk production 401 
Cows with a low L+1/R+1 ratio (i.e. primarily right side passing) had high milk production (CC -0.38, 402 
P=0.03). High milk production was also related to moving both ears backward and forward (CC 0.49, 403 
P=0.003), rumination in the lane (CC 0.54, P=0.001), standing in the middle of lane (CC 0.59, 404 
P=<0.001), and slow walking (CC 0.45, P=0.007). 405 
 406 
3.2.2 Parlour Test (Stage 2). L+1/R+1 in the parlour was related (P = 0.02) to L+1/R+1 in 407 
Experiment 1 (equation 7), but ear positions were not related (P = 0.07) between the two 408 
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experiments (equation 8). In the parlour test, cows which went more to the left side had ear positions 409 
1 or 2 more frequently during milking (equation 9).  410 
 411 
L+1/R+1 parlour = 1.58 (+0.56) + 0.32(+0.13) L+1/R+1 Experiment 1 (r
2
 = 18.1%, P = 0.02). 412 
Equation 7 413 
E1+2/3+4 Parlour = 2.64 (+0.62) + 0.23(+0.12) E1+2/3+4 Experiment 1 (r
2
 = 11.1, P = 0.07). 414 
Equation 8 415 
 L+1/R+1 Parlour = 0.13 (+0.86) + 0.66 (+0.21) E1+2/3+4 Parlour (r
2
= 25.4%, P=0.004). 416 
Equation 9 417 
Relations between behaviours in the parlour 418 
Cows entering the right side of the parlour were more likely to hold their tail to the right than left (CC 419 
-0.89, 0.71, P=<0.001), and cows with right sided tails were less likely to have ear positions 1 or 2 420 
(CC -0.65, P=< 0.001). Cows were more likely to step when their head was up (CC 0.44, P= 0.01).  421 
 422 
Further investigation of parlour behaviours was made using a principle components analysis. Seven 423 
components were presented with eigenvalue exceeding 1, explaining 83% of the total variance.  424 
Numbers 5-7 were removed because there were too few items or items repeated in other components, 425 
and coefficients < 0.2 were removed.  Finally, 14 items from 20 were retained with four components 426 
that explained 65% of the total variance (Table 4).  Component number 1 was mainly related to 427 
parlour side, 2 to head position, 3 to ear and eye use and 4 to tail position. Component 1 has cows in 428 
the left side of the parlour on the right-hand side of the graph, most closely associated with ear 429 
positions 1 or 2 and left sided tail (Figure 5). On the left side of the graph are cows on the right side of 430 
the parlour, that is associated with ear positions 3 or 4 and a right-sided tail. The second component is 431 
led by head position, with head up, no head turn and stepping and head down or level associated only 432 
with forward ear movement (Figure 5).  433 
 434 
Relations between behaviours in the parlour test with those in the forced lateralisation test  435 
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There was no relation between side of passing in the FLT and side of the parlour occupied (P = 0.34).  436 
However, cows occupying the left side of the parlour had more lifted tails and less rumination in the 437 
forced lateralisation test (equation 10). Cows with more ear positions 1 or 2 in the parlour had relaxed 438 
tails and stood on the left side of the lane, and less ear movement forward, head down, sniffing and 439 
passing in groups (equation 11).  440 
 441 
Parlour L+1/R+1 = 3.14 (+0.55) + 5.13 (+1.57, P=0.003) lifted tail- 0.93 (+0.26, p = 0.002) 442 
rumination (r
2
=48.9%). 443 
Equation 10 444 
Parlour E1+2/3+4 = 6.88 (+1.84) - 4.86 (+1.00, P<0.001) EMF + 0.33 (+0.12, P=0.01) TR -445 
 0.55 (+0.21, P=0.01) HD - 4.53 (+0.93, P<0.001) PG + 0.48 (+0.18, P=0.01) SL - 0.74(+0.20, p = 446 
0.001) SN (r
2
=61.9%). 447 
Where: EMF= one ear movement forward, TR= relaxed tail position, HD=down head position, PG= 448 
passing in groups, SL= standing on left side of lane and SN= sniffing. 449 
Equation 11  450 
Cows on the right side of the parlour and with a right sided tail were less likely to pass rapidly down 451 
the lane (CC -0.53, p = 0.002 and CC -0.52, p = 0.003, respectively).  Cows that ruminated more 452 
during milking had been less aggressive in the FLT (CC -0.47, p = 0.007). 453 
 454 
4. DISCUSSION 455 
The hypothesis we tested was that cows walking to the right-hand side of a person in the forced 456 
lateralization test, who view them mainly by the left eye, would demonstrate behaviour indicative of 457 
anxiety (i.e. negative emotion). Spefically we expected that ear position in these cows would be more 458 
likely to be forward and upright. In this discussion we will outline the key aspects of our findings that 459 
modulate our hypothesis: 460 
 461 
4.1 Experiment 1 462 
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In the forced lateralisation movement tests, the high number of passes to the left side without change 463 
may reflect habituation of these cows to this test (formerly used as described in Phillips et al., 2015). 464 
The initial increase after the baseline measurement and subsequent decline, presumably due to 465 
habituation, in the proportion of cows with ear position 2 suggests that this may be the most sensitive 466 
measure of ear position in response to the novel person. The corresponding increase in ear positions 3 467 
and 4, slower flight speed, response to the umbrella and feeding rate of these cows, and negative 468 
correlation between 2 and 4 suggests that 4 may be the best indicator of an improvement in the 469 
valence of the cow’s emotions. The positive correlations between the L+1/R+1 ratio to ear positions 2 470 
and increased flight speed in R cows suggests that right side passing did indicate anxious cows, as 471 
proposed in previous studies (Robins and Phillips, 2010, Phillips et al., 2015). This side of passage is 472 
associated with viewing the person with the left eye and processing the information with the right 473 
brain hemisphere, which is responsible for flight or fight responses (Chernisheva, 2006). Taken as a 474 
whole, the results suggest that EP 2 and 4 were best for the detection of negative and positive 475 
emotions, respectively, under the conditions used in the present studies.  476 
 477 
4.2 Experiment 2 478 
4.2.1 Forced Lateralization Test (Stage 1). The purpose of this experiment was to investigate how 479 
behaviour under challenging test conditions varied in association with lateralised side choice to 480 
validate it as emotional indicator of anxiety (i.e. negative emotions). Validation of these findings 481 
with ear position was also investigated. Little confirmation of the latter was obtained, and there was 482 
apparently little or no relationship between ear position measured in Experiments 1 and 2, while, 483 
there was a possible relationship between the forced lateralisation test in experiment 1 and the forced 484 
lateralisation and parlour tests in experiment 2 indicating persistency and allowing repeatability of 485 
these tests. However, ear movement was related to the cows’ behaviour and ear position, with 486 
forward ears indicating alertness, and backward and forwards movement being associated with 487 
backward and lowered ears in positions 3 and 4. Our study found support for the measurement of ear 488 
movement, which was associated with ear positions 3 and 4, because of the correlation of movement 489 
with a lifted tail, providing confirmatory evidence of arousal associated with ear movement.  490 
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 491 
In line with this, there was evidence that right side passage correlated with behaviours could be 492 
indicative of anxiety (i.e. negative emotions) – as raised or tucked tail, sniffing (investigative 493 
behaviour) and slow passage past the person and not turning to view the person by the right eye as 494 
they passed. A tucked or pressed tail has been previously linked to pain caused by mastitis (Herskin et 495 
al., 2005) or liver biopsy (Mølgaard et al., 2012) in cattle, as well as the less acute stressors of noise 496 
and vibration in the milking parlour (Kauke and Savary, 2010). Right-sided tail wagging in dogs has 497 
been associated with positive emotional responses and left-sided wagging with negative emotional 498 
responses (Siniscalchi et al, 2013).   Cows in the current study showing right-sided tail carriage 499 
showed less ear position 1 and 2 thought to be associated with a negative emotional state in cattle 500 
(Proctor and Carder, 2014).   501 
 502 
Anxiety may be the key negative emotion in these behavioural responses, that being defined as a 503 
debilitating disorder with chronic hyperarousal as a result of a prolonged state of fear of an 504 
unpredictable contextual threat (Grillon, 2002). Thus, anxiety lowers the threshold for eliciting a 505 
stress response and indicates an increased need for predictability and controllability (von Borell, 506 
1995). It appears that right side passing cows displayed a desire for greater control by stopping in the 507 
centre, slow walking and sniffing, demonstrating individual differences in the need for predictability 508 
and controllability, which are a key characteristic of inter-individual differences in animals’ behaviour 509 
(Hansen and Damgaard, 1993). 510 
 511 
Coping strategies may depend on social status. Subordinate cattle prefer to use their left eye in 512 
interactions with dominant animals, have a higher stress response in a crush and prefer to pass an 513 
unfamiliar person on the right side, viewing them with the left eye as they pass (Robins and Phillips, 514 
2010, Phillips et al., 2015). Hence, our results follow the same general trend of responses during stress 515 
that involve left eye use (i.e. right-side passage) and right hemispherical processing, reserved for 516 
spontaneous escape responses (Rogers, 2002). It also agrees with the emotional-valence hypothesis 517 
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(Demaree et al. 2005) that the right hemisphere is responsible for negative emotions and the left 518 
hemisphere for positive emotions (Silberman and Weingartner, 1986).  519 
 520 
Lateralized walking in cattle has been demonstrated in side preferences in a T-maze (Arave et al., 521 
1992), and also showed lateralised lying (Uhrbrock, 1969, Arave and Walters, 1980, Bao and Giller, 522 
1991). The lateralised passage in response to the person obstructing the pathway in our experiments 523 
indicates the importance of the lateralised cognitive processing in cattle, and the development of 524 
coping strategies (Wechsler, 1995, Sullivan and Gratton, 1999, Wingfield, 2005). This suggests that 525 
cattle chose to view the environmental stressor with the eye system that provided the most effective 526 
mitigation or mediation of their internal physiological state. 527 
 528 
The correlation between milk yield and right-side passage/left eye use in our experiment is supported 529 
by the work of Rizhova and Kokorina (2005), who found that cows viewing an approaching feeder 530 
with their left eye (i.e. left side approach) had higher milk production, compared with those viewing it 531 
with their right eye (i.e. right-side approach), provided there was high quality feed available. Since 532 
both left and right approached cows had the same amount of feed, Rizhova and Kokorina (2005) 533 
proposed that unilateral activation of the right brain hemisphere by an approach on the left side (i.e. 534 
left eye use) may affect endocrine function and distribution of nutrients between weight gain and milk 535 
production. In addition to, the metabolic stress associated with high levels of lactation. However, it is 536 
perhaps more likely that cows stressed by high levels of milk production are more anxious, and then 537 
prefer to view a stimulus, the person in our case and the feeder in the work of Rizhova and Kokorina 538 
(2005) with their left eye. It is important to determine if this is a causal relationship and if so what the 539 
driving factors are, because if proven, selection for cows that are calm for breeding purposes may 540 
exclude some high-yielding cows.  541 
 542 
In  543 
4.2.2 Parlour Test (Stage 2). Previous studies showed that individual cows prefer to enter particular 544 
sides of the milking parlour (Hopster et al., 1998, Paranhos da Costa and Broom, 2001, Polikarpus et 545 
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al., 2011). In one study slightly more, buffalo cows preferred the left side of a milking parlour 546 
(Polikarpus et al., 2014), although, in another study there was no adverse effect on milking cows 547 
entering the non-preferred side (Paranhos da Costa and Broom, 2001). This side preference could be 548 
a consequence of physical asymmetry and might be a way to differentiate between cows with 549 
different individual characteristics, e.g. anxiety, fear or strategy for coping with the milking parlour 550 
and the milking process. Strong laterality in selecting the parlour side has been previously 551 
demonstrated in highly intensive, modern dairy units, but not in extensive, pasture-based dairy 552 
systems (Phillips et al., 2003). Thus, it was of interest that the side of the parlour chosen related to 553 
the side of passage in the FLT in Experiment 1, and that cows using the left side of the parlour 554 
showed more ear positions 1 and 2 during milking, potentially indicating a more negative emotional 555 
state. As, in our herringbone parlour configuration, cows on the left side were less likely to have 556 
another cow in their left eye field of vision than those on the right side. This may make them more 557 
anxious and likely to display ear positions 1 or 2.  558 
 559 
These parlour side preferences could reveal differences in sensitivity towards threatening situations, 560 
as, Prelle et al. (2004) found that cows showing more consistent laterality displayed increased fear and 561 
more aggression towards other cows. This suggested that cows consistently entering one side of the 562 
parlour, i.e. the less flexible ones, were more fearful in novel situations. Moreover, Grandin et al. 563 
(1994) showed that cattle generally tend to stay in one side of the Y-maze when they have learned that 564 
one side is aversive even when the aversive and normal side are switched. Thus, sensitivity towards 565 
challenges or threats in the milking parlour may be important determinants of behaviour and 566 
emotions. Coping strategies can develop that suggest a need for predictability and controllability 567 
(Hansen and Damgaard, 1993). 568 
 569 
Therefore, hemispheric asymmetry could be a protective factor against the adverse effects of stress 570 
(Neveu and Merlot, 2003, Madsen et al., 2012). The key area to the idea of contralateral control of 571 
emotions, is the corpus callosum, which can either execute an inhibitory influence (enhancing FCAs) 572 
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or an excitatory influence (diminishing FCAs) on the contralateral hemisphere (Bloom and Hynd, 573 
2005, Van der Knaap and Van der Ham, 2011). This potentially impacts on relation between stress 574 
and lateralization (Letzner et al., 2016).  575 
 576 
The correlations between responses in the different tests in this study suggest that cows had individual 577 
behavioural strategies which can be utilised in other challenging situations (Benus et al., 1990, 578 
Hessing et al., 1993, Boissy, 1995, Boissy and Bouissou, 1995). Distinctive behavioural strategies 579 
used by an animal in a novel and challenging situation might predict its behaviour in a group (Mendl 580 
and Deag, 1995).  581 
 582 
4.3 Limitations of the study 583 
This study was not able to correlate, and therefore validate, side of passage with established anxiety 584 
indicators, such as responses to anxiolytics, as these have not been thoroughly investigated in dairy 585 
cows. The lateralised behaviour showed evidence of consistency, and may therefore constitute a 586 
personality trait, in which case cows could be unresponsive to anxiolytic drugs. Therefore, 587 
correlations with behaviour in the present study may not be causal but associative. Hence the response 588 
to the “positive” and “negative” stimuli may be confounded with other factors (e.g., social isolation, 589 
the novel arena, motivation to feed). Despite these concerns, the present study provides evidence of 590 
correlations between side of passage and behaviours related to emotions that will help to validate the 591 
test and should promote further study. It would be particularly useful to directly measure stress 592 
differences in left and right lateralised cows, through physiological measures. 593 
 594 
5. CONCLUSIONS 595 
The evidence obtained from the two studies indicates that cows that pass a novel person on the right 596 
side may be more likely to be anxious than those that pass on the left, which supports results from 597 
previous studies. For the first time, we determined that cows passing to the right are more likely to be 598 
high yielding cows. The repeatability of side of passing measurements and lack of repeatability of 599 
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other measures of cow emotions, such as ear position, suggests that the former could be used on farms 600 
to detect anxious cows following further validation.  601 
 602 
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Table1. Ethogram for forced lateralisation and parlour tests 850 
 851 
 
Item 
Description 
Forced lateralisation test  
Right eye view (RE) Turns head to view person with right eye whilst passing on the left 
Left eye view (LE) Turns head to view person with left eye whilst passing on the right 
Pass without head turn (NT) Cow  does not turn her head to view the person as they pass 
Tail relaxed (TR) Tail hanging freely in a vertical line from its body (Regan et al., 2014)  
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 852 
 853 
  854 
Tail swishing (TS) Tail moves swiftly from its base in a side-to-side flicking manner around the 
hind quarters 
Tail lifted (TL) Tail held in a fixed position, sticking out more than 45 degrees from the 
vertical 
Tail tucked (TT) Tail pressed tightly against the rump in a fixed position, with tip of tail tucked 
between hind legs 
Walking speed  Classified as slow (SS), medium (SM) or fast (SF) 
Standing  Stand in front of person in the centre (SC), left side (SL) or right side (SR) of 
lane  
Stopped while walking 
(STW) 
Cow stopped and hesitated while walking down the lane in front of the person  
Sniffing (SN) Sniffing the ground, the person or another cow  
Aggression (AGG) Swinging or butting heads or head to body push 
Aggregation  Number of cows passing researcher at one time, single, paired or a group of > 
2, PS=Passing the person alone, PP=Passing the person in pair (2 cows) and 
PG=Passing the person in a group (> 2 cows) 
Defecation (DEF) Void faeces 
Parlour test  
Stepping (STP) Cows raising a limb and replacing it forthwith on the floor  
Tail side Tail hanging in the middle (TM), to the left (TL) or right (TR)  
Head turn to person Cow turns head left side to view person with the right eye (RE) or right side 
with the left eye (LE) or no head turn (NT)  
Both tests  
Left (L) Left side passage past the person in the lane or standing on the left side of the 
parlour viewed from the entrance 
Right (R) Right side passage past the person in the lane or standing on the right side of 
the parlour viewed from the entrance 
Ear position As defined for experiment 1 
Ear movement 1 (EMF) Movement of one ear forwards 
Ear movement 2 (EMB) Movement of one ear backwards 
Ear movement 3 (EMBF) Movement of one ear backwards then forwards 
Ear movement 4 (EMFB) Movement of one ear forwards then backwards 
Ear movement 5 (BMBF) Both ears moving backwards and forwards 
Ear movement 6 (BMF) Both ears movement forwards only 
Head position up (HU) Head held up  
Level Head position (HL) Head level with the back of the cow 
Head position down (HD) Head facing down  
Rumination (RM) Any period of rumination 
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Table 2. Effects of side of passing recorded in Experiment 1, as passing the person on the left (L 855 
cows) and right (R cows), on behavioural and productive measurements in both tests of Experiment 2, 856 
tested by univariate analysis. 857 
 858 
 L cows 
n= 15 
R cows 
n= 16 
SED
†
 
n = (15+16)/2 
P-value 
Forced lateralization test (no. per 10 recordings) 
Ratio of side of passing 
(L+1/R+1) 
5.94 2.02 1.230 0.003 
Ratio of left eye view+1/ right 
eye view +1 when head turn
1
 
0.36 0.76 0.188 0.04 
Passing without head turn 6.53 7.06 0.74 0.50 
Ratio of ear position  
(1+2/3+4)   
4.16 5.48 1.08 0.23 
Total ear movement 
1
 0.54 (2.47) 0.56 (2.63) 0.06 0.83 
Level head position (median)
2
 1.50 1.00  0.21 
Down head position (median)
 2
  8.50 9.00  0.05 
Stand on centre of the lane 
(median)
 2
 
0.00 1.00  0.05 
Stand on right side of lane  0.80 1.88 0.54 0.50 
Stand on left side of the lane 2.27 1.13 0.57 0.05 
Medium speed of walking 
(median)
 2
 
8.00 9.00  0.59 
Slow speed of walking 
(median)
2
  
1.00 0.00  0.59 
Fast speed of walking (median)
 2
  0.00 0.00  0.90 
Stop while walking 4.13 3.50 0.91 0.50 
Rumination (median)
 2
  1.00 1.00  0.55 
Sniffing (median)
 2
 1.00 0.50  0.85 
Aggression (median)
 2
 0.00 0.00  0.95 
Passing single (median)
 2
  10.0 10.0  0.90 
Passing paired (median)
 2
  0.00 0.00  0.92 
Passing in group (median)
 2
  0.00 0.00  0.58 
Tail relaxed  7.00 6.50 0.84 0.60 
Tail swishing   2.93 3.31 0.87 0.70 
 
Parlour test (no. per 5 recordings) 
Ratio of side of entry (L+1/R+1)
 
(median)
2
 
2.50 0.75  0.21 
Ratio of left eye view+1/ right 
eye view +1 when head turn 
(median)
 2
  
1.00 0.58  0.37 
No head turn  2.87 3.44 0.49 0.30 
Ratio of ear position (1+2/3+4)   4.28 3.00 0.67 0.07 
Total ear movement 0.87 1.38 0.29 0.10 
Up head position (median)
 2
  5.00 5.00  0.08 
Level head position (median) 
2
  0.00 0.00  0.08 
Down head position (median) 
2
 0.00 0.00  0.25 
Rumination during milking
1
 0.23 (0.70) 0.34 (1.19) 0.08 0.21 
Stepping (median) 
2
 0.00 1.00  0.37 
Tail hanging on the left side 
(median) 
2
 
1.00 1.50  0.85 
Tail hanging on the right side 
(median) 
2
  
0.00 2.00  0.36 
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Tail hanging in the middle  2.20 1.50 0.52 0.20 
Production variables 
Milk production per day, l/d 25.07 32.52 3.51 0.04 
Milk fat content, g/kg 38.91 33.09 3.03 0.07 
Milk protein content, g/kg 
(median)
 2
  
33.50 33.67  0.85 
 859 
†
SED = Standard error of the difference between means 860 
1
Variables with not normally distributed residuals in one-way ANOVA transformed to log10. Original 861 
values (i.e. antilog values) presented in parentheses 862 
2
Variables whose residuals were not normally distributed after logarithmic transformation were 863 
analysed by Mood's Median test 864 
865 
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Table 3. Loading coefficients > 0.20 for 28 items of cows generated by principle component analysis 866 
of exit lane behaviour variables in Experiment 2 867 
Measurement 
Components 
1 2 3 4 5 6 7 10 
Left side of lane  0.380       
Ear position 1 or 2      0.271   
Ear position 3 or 4    0.353     
Ear movement forward        0.198 
Ear movement backward and 
forward 
   0.208     
Ear movement forward and 
backward 
0.210        
Both ears movement backward and 
forward 
   0.281     
Both ears movement forward     0.257    
Relaxed tail   0.321      
Swishing tail      0.250   
Lifted tail     0.273    
Tucked tail        0.347 
Level head       0.394  
Head down   0.266      
Right eye view  0.299       
Left eye view        0.469 
Medium speed of walking    0.201     
Slow speed of walking       0.412  
Fast speed of walking   0.224      
Paired passing  0.242       
Group passing     0.280    
Rumination 0.203        
Standing in the middle of the lane      0.292   
Standing on right side of lane 0.220        
Standing on left side of lane  0.252       
Sniffing 0.256        
Aggression     0.236    
Stop while walking 0.361        
Proportion (%) of r
2
 17.2 12.7 9.6 8.6 7.6 7.0 6.1 3.8 
 868 
869 
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Table 4. Loading coefficients for 14 items of cows’ behaviour generated by principle component 870 
analysis of parlour behaviour variables in Experiment 2 871 
 872 
Measurement 
Components 
1 2 3 4 
Left side of parlour entry 0.403    
Ear position 1 or 2   0.362  
Ear movement backwards  0.228   
Ear movement backward and forward 0.195    
Ear movement forward and backward   0.211  
Both ears movement backward and forward   0.324  
Left sided tail 0.302    
Middle tail    0.552 
Up head  0.468   
Levelled head    0.240 
Right eye view   0.402  
No head turn  0.350   
Rumination   0.219  
Stepping  0.273   
Proportion (%) of r
2
 26.9 18.6 10.6 8.6 
 873 
 874 
  875 
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Goma Figure 1. 876 
 877 
 878 
Figure 1: Position of the person (star) in the lane exiting the parlour shed 879 
 880 
 881 
 882 
  883 
39 
 
Goma Figure 2.  884 
 885 
Figure 2. Frequency distribution of the % of times cows passed to the left in Experiment 1 886 
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Goma Figure 3.  888 
 889 
 890 
 891 
Figure 3. Ear position represented by (columns) and left side passage (by the line) over the 9 days of 892 
Experiment 1.  893 
 894 
 895 
 896 
 897 
 898 
 899 
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Goma Figure 4. 900 
 901 
Where: L= passing on the left side of lane from the cow perspective, R= passing on the right side of 902 
lane from the cow perspective, E12= ear position 1 or 2, E34= ear position 3 or 4, EMF= one ear 903 
movement forward, EMB= one ear movement backward, EMBF= one ear movement backward then 904 
forward, EMFB= one ear movement forward then backward, BMBF= both ears movement backward 905 
and forward, BMF=both ears movement forward, TR=relaxed tail, TS= tail swishing, TL= tail lifted, 906 
TT= tail tucked, SC= standing in front of  the person in the centre of lane, SR=standing on the right 907 
side of lane from the cow perspective, SL= standing on the left side of lane from the cow perspective, 908 
HU= head up, HL=level head, HD= head down, RE=turn for right eye view of person, LE=turn for 909 
left eye view of person, NT= no head turn, PS= passing single , PP= passing paired, PG= passing in 910 
group, SM= medium speed of walking, SS= speed of walking slow, SF= speed of walking fast, RM= 911 
rumination, SN= sniffing, DEF=defecation, STW=stop while walking and AGG= aggression.  912 
 913 
Figure 4: First and second components of cow behaviour in the forced lateralisation test 914 
  915 
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Goma Figure 5. 916 
 917 
Where: L=left side of parlour from the cow perspective, R= right side of parlour from the cow 918 
perspective, E12= ear position 1 and 2, E34= ear position 3 and 4, EMF= one ear movement forward, 919 
EMB= one ear movement backward, EMBF= one ear movement backward then forward, EMFB= one 920 
ear movement forward then backward, BMBF= both ears movement backward and forward, TL=left 921 
sided tail, TR=right sided tail, TM=middle sided tail,  HU= up head, HL=levelled head, HD=down 922 
head, RE= right eye view of cow, LE= left eye view of cow, NT= no head turn, RM= rumination and 923 
STP= stepping during milking.  924 
 925 
Figure 5: First and second components of cow behaviour in the parlour test 926 
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